The objective ofthe present study was to examine chloroplasts in leaves that developed under a common photosynthetic environment but received 5 min of R or FR light to put phytochrome in the FR-absorbing or R-absorbing form, respectively, each day at the end of the photosynthetic period.
of light quality on the photosynthetic system. Electron microscopy was used to study chloroplast ultrastrcture in developing and fully expanded leaves of tobacco (Nicotiana tabacum L. cv Burley 21). Brief exposures to red or far-red light at the end of each day during growth under controlled environments influenced granum size, granum number and starch grain accumulation in chloroplasts, and the concentration of sugars in leaf lamina. Far-red-treated leaves had chloroplasts with more but smaller grana than did red-treated leaves. Red light at the end of the photosynthetic period resulted in more and larger starch grains in the chloroplasts and a lower concentration of sugars in leaves. Chloroplast ultrastructure and starch grain accumulation patterns that were initiated in the expanding leaves were also evident in the fully expanded leaves that received the treatment during development. It appears that the phytochrome system in the developing leaves sensed the light environment and initiated events which influenced chloroplast development and partitioning of photosynthate to adapt the plant for better survival under those environmental conditions. Canopy photosynthesis has been studied in a number of plant species. Leaf age, temperature, CO2 and light levels during photosynthetic measurements have been considered (2, 4, 16) (14) . Samples that tested reversibility ofthe effects of R and FR (i.e. R followed by FR or FR followed immediately by R light) responded to the kind of light received last. That is, R followed by FR resulted in chloroplasts, grana, and starch grains very similar to those in the FR-treated leaves. Conversely, FR followed by R gave results very similar to those from R alone.
RESULTS AND DISCUSSION Chloroplast size, grana, and starch grain characteristics are shown in Table I . The brief exposure to R and FR light at the end of each photosynthetic period during leaf growth and development significantly influenced chloroplast development. Representative electron micrographs are shown in Figure 1 .
Chloroplast Size. Chloroplasts in the fully expanded leaves were larger than those in expanding leaves. However, there was much variation in cross-section size among chloroplasts within a given light treatment, and two-dimension chloroplast size was not consistent for R versus FR treatments. It is possible that differences in the third dimension may have developed in response to light quality, but these were not examined in the present study.
Grana (12) .
Using an algae model system, Haupt (6, 7) has demonstrated that chloroplasts will change positions in response to brief exposures to R or FR light. He used Mougeotia, a filamentous algae having large cells with a single rectangular chloroplast which can move within the cell to adapt to light conditions. The movement is initiated by a change in the predominant form of phytochrome (7) . In nature, movement in algae chloroplasts may be an adaptive adjustment for more efficient use of light in shaded or low light situations, whereas, the opposite movement may serve to protect from high light or full sun conditions. In higher plants, influence oflight on chloroplast development has been studied in etiolated seedlings (1, 3, 15) . Phytochrome influenced chloroplast development and chlorophyll synthesis in etiolated cotyledons of Brassica alba (15) . Also, reorganization of the PSII unit was studied in developing thylakoids of greening etiolated Phaseolus vulgaris leaves after transfer to darkness (1) . Upon transfer to darkness the light-harvesting Chl protein, its 25 kD polypeptide and Chl b decreased while a 42 kD polypeptide increased and PSII units of smaller size formed. The reorganization occurred in thylakoids that were still in the process of development, but not in those that had already developed. The authors (1) proposed that the observed response was not turnover of the light-harvesting Chl protein complex per se, but environmental regulation of the ratio of light harvesting and PSII components, which influence photosynthetic rate (1).
Our observations with tobacco plants (Table I) , grown under controlled environments with R or FR light to manipulate the phytochrome system each day at the beginning of the dark period, are consistent with this theory. That is, chloroplasts, especially those in the younger leaves, differed between the R and FR treatments. It is possible that developing chloroplasts were influenced by the phytochrome form in the cells during the dark period and that after sufficient development in darkness, the chloroplast characteristics such as number and size of grana remained different. Thus, it appears that the phytochrome system is involved in regulation of chloroplast structure for more efficient survival of plants. If this is true, shaded leaves in a plant canopy and FR-treated leaves in controlled environments should be similar to each other and result in more dispersion of the grana throughout the chloroplast. This is consistent with our observations (Table I) .
Starch Grains. Chloroplasts in leaves that received the R light treatment had more and larger starch grains that did those in leaves of the same age that received the FR treatment each day during development (Table I) . Also, leaves that received R followed by FR were very similar to those that received FR alone, and those that received FR followed by R were very similar to those that received R. The same response pattern was evident in both the expanding and fully expanded leaves. The fact that starch grains responded to R and FR light and that the effects of (13) .
In a recent report, Gifford and Evans (4) suggested that photosynthetic assimilate is partitioned between exported material and further leaf growth or temporary storage in the developing leaf. In the present study (Table I) (Table II) , and more photosynthate partitioned to stems and less to leaf lamina (1 1). At the cellular level, Huber (9, 10) recently found that partitioning between starch and sugar was regulated by sucrose phosphate synthetase. It is not clear what regulates the enzyme system. However, it is possible that phytochrome is involved in the pathway of events leading to the enzymic regulation ofpartitioning within the cell and the direction of relatively more or less photosynthate to leaf lamina or to plant stem and structural material.
